The magnesium-rich intermetallic compound Sm 3 RuMg 7 was synthesized by induction melting of the elements. Single crystals were grown by slow cooling of the polycrystalline sample. The structure was characterized by powder and single-crystal X-ray diffraction: ordered Ti 6 Sn 5 type, P6 3 /mmc, Z = 2, a = 1034.1(2), c = 611.3(1) pm, wR2 = 0.0216, 399 F 2 values and 19 parameters. The ruthenium atoms have slightly distorted octahedral samarium coordination. These RuSm 6/2 octahedra (Ru-Sm 279 pm) are condensed via common faces leading to chains in the c direction which are arranged in the form of a hexagonal rod packing. Between these rods the Mg2 atoms build chains of face-sharing trigonal prisms. Alternately these prisms are centered by Mg3 or capped by Mg1 atoms on the rectangular faces. Within the magnesium substructure the Mg-Mg distances range from 303 to 335 pm. The Mg3 site shows slight mixing with samarium, leading to the composition Sm 3.16 RuMg 6.84 for the investigated crystal. The compounds RE 3 RuMg 7 (RE = Gd, Tb) are isotypic.
Introduction
Recent structural and magnetochemical investigations of various intermetallic compounds of the type Ce x Ru y X z (X = Mg, Cd, Zn, Al, In, Sn) have revealed a quite unique behavior. The compounds Ce 3 Ru 2 In 3 [1] , Ce 16 Ru 8 In 37 [2] , Ce 2 Ru 2 In 3 [3] , Ce 3 Ru 2 In 2 [3] , CeRu 0.88 In 2 [4] , CeRuSn [5 -7] , Ce 2 RuZn 4 [8, 9] , CeRuAl [10 -12] , CeRu 2 Mg 5 [13] , and Ce 23 Ru 7 X 4 (X = Mg, Cd) [14, 15] show short Ce-Ru distances down to 230 pm, directly associated with intermediate or mixed cerium valence. For those compounds where the Ce-Ru distances are extremely short, the observed structure type is singular, and no isotypic compounds with the neighboring rare earth elements are observed.
If the shortening of the Ce-Ru distances is not that pronounced, or if a complex structure contains multiple, crystallographically independent cerium sites, a given cerium compound Ce x Ru y X z shows just a reduced cell volume within a series of rare earth compounds. This is the case for Ce 23 Ru 7 X 4 (X = Mg, Cd) [14, 15] . In the structurally closely related series of RE 4 RuMg compounds [16] the Ce 4 RuMg volume smoothly fits into the Iandelli plot, indicating trivalent cerium.
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We have recently started a more systematic phase analytical investigation of the neighboring RE-Ru-X systems. While we observed isotypic compounds in the series RE 23 Ru 7 X 4 (X = Mg, Cd) [14, 15] and RE 4 RuMg [16] , PrRuSn (TiNiSi type) [17] and CeRuSn (CeCoAl superstructure) [5] [18] which crystallize both with their own structure types, again with short Ce-Ru distances. Parallel experiments with the heavier rare earth elements led to a new series of RE 3 RuMg 7 (RE = Sm, Gd, Tb) compounds with ordered Ti 6 Sn 5 [19] type structure. The preparation and structure determination of these phases are reported herein.
Experimental Section

Synthesis
Starting materials for the preparation of the RE 3 RuMg 7 (RE = Sm, Gd, Tb) samples were ingots of the rare earth elements (Johnson Matthey), ruthenium powder (Allgemeine Gold-und Silberscheideanstalt, Pforzheim) and a magnesium rod (Alfa Aesar; the surface layer of the rod was re-moved on a turning lathe), all with stated purities better than 99.9 %. The rare earth metal ingots were cut into smaller pieces and arc-melted [20] into small buttons under an argon atmosphere. The argon was purified with molecular sieves, silica gel and titanium sponge (900 K). The rare earth buttons, ruthenium powder and pieces of the magnesium rod (3 : 1 : 7 atomic ratio) were sealed in tantalum tubes under an argon pressure of ca. 700 mbar. These ampoules were then sealed in silica tubes for oxidation protection, placed in a resistance furnace (Nabertherm, model: HTC 08/16), heated to about 1473 K and kept at that temperature for 8 h. Then the temperature was lowered to 673 K within 96 h, and the samples were annealed at this temperature for another 96 h. The products could easily be separated from the crucible. No reactions with the container material were observed. The RE 3 RuMg 7 samples are stable in air over weeks. Single crystals exhibit metallic luster while ground powders are grey.
EDX data
The bulk samples and the selected single crystal were studied by energy-dispersive analyses of X-rays (EDX) using a Zeiss EVO MA10 scanning electron microscope with REF 3 , ruthenium and MgO as standards. The experimentally observed compositions were close to the ideal one, and no impurity elements were observed.
X-Ray diffraction
The polycrystalline RE 3 RuMg 7 samples were characterized by Guinier powder patterns (CuK α1 radiation, α-quartz: a = 491.30, c = 540.46 pm as internal standard). The Guinier camera was equipped with an imaging plate (Fuji-film, BAS-1800 readout system). The hexagonal lattice parameters (Table 1) were obtained from least-squares fits of the powder data. Correct indexing was ensured by intensity calculations [21] .
An irregularly shaped single crystal was selected from the Sm 3 RuMg 7 sample by mechanical fragmentation and investigated by Laue photographs on a Buerger camera in order to check the quality for an intensity data collection. A data set was collected at r. t. using a STOE IPDS-II image plate system (graphite-monochromatized MoK α radiation; λ = 71.073 pm) in oscillation mode. A numerical absorption correction was applied to this data set. All relevant crystallographic data are listed in Table 2 .
Structure refinement
Careful examination of the data set showed a hexagonal lattice with high Laue symmetry and systematic extinctions 0 0 l only observed for l = 2n. This led to the space groups P6 3 /mmc, P6 3 mc, and P6 3 22, of which the space group with the highest symmetry, P6 3 /mmc, was found to be correct. The starting atomic parameters were deduced by Direct Methods with SHELXS-97 [22] , and the structure was refined using SHELXL-97 [23] (full-matrix least-squares on F 2 ) with anisotropic atomic displacement parameters for all sites. The 2c site was initially refined with the scattering power of a magnesium atom, however, the resulting displacement parameter was too small, indicating significantly higher scattering power on this position. Keeping the interatomic distances for this site and the results of Sm 3.92 Ru 1.16 Mg 0.92 [16] in mind, this site was refined with a mixed Mg/Sm occupancy leading to the composition Sm 3.16 RuMg 6.84 for the investigated crystal. The final difference Fourier synthesis revealed no significant residual peaks ( Table 2 ). The atomic parameters and interatomic distances are listed in Tables 3 and 4 . Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-422864.
Discussion
Besides the already discovered intermetallic compounds RE 4 RuMg (RE = La-Nd, Sm, GdHo) [16] , RE 23 Ru 7 Mg 4 (RE = La, Ce, Pr, Nd) [14] , CeRu 2 Mg 5 [13] , and Ce 2 Ru 4 Mg 17 [18] , our phase analytical studies in the RE-Ru-Mg systems now revealed the isotypic phases RE 3 RuMg 7 (RE = Sm, Gd, Tb). The existence of this new structure type is limited to these three rare earth elements. Attempts with the lighter (Pr, Nd) and heavier (Dy, Ho) rare earth elements resulted in ternary compounds with different composition and different structure. The lattice parameters (Table 5 ) of the RE 3 RuMg 7 compounds decrease from the samarium to the terbium compound as expected from the lanthanoid contraction.
Inspection of the Pearson code hP22 and the Wyckoff sequence 194, h 2 gca in the Pearson Crystal Data Base [24] readily reveals isotypism with Ti 6 Sn 5 [19] . This structure type has so far been observed for only few binary compounds and some ternary variants with mixed occupancies [25 -30] . The magnesium compounds RE 3 RuMg 7 are a new ternary ordered ver- should be called isopointal [31, 32] rather than isotypic.
A projection of the Sm 3 RuMg 7 structure onto the xy plane is presented in Fig. 1 . The structure consists of two main structural building units. The samarium atoms form an octahedral coordination around the ruthenium atoms. The Ru-Sm distances of 279 pm are even smaller than the sum of the covalent radii [33] of 290 pm and we can therefore assume substantial Sm-Ru bonding. Similar short Sm-Ru distances occur in Sm 3 Ru (Fe 3 C type, 281 -291 pm) and Sm 5 Ru 2 (Mn 5 C 2 type, 275 -302 pm) [34] . Adjacent ruthenium atoms between the Sm 6 Ru octahedra are at RuRu distances of 306 pm, half the c parameter. They are distinctly longer than the average Ru-Ru distance of 268 pm in hcp ruthenium [35] . The Sm 6 Ru octahedra are condensed via common triangular faces forming chains along the c axis (Fig. 1) , arranged in the form of a hexagonal rod packing. This is a new structural motif in the family of RE x T y Mg z intermetallics [36] . So far, only three-dimensional networks of condensed RE 6 Ru trigonal prisms have been observed in the RE 4 RuMg series [16] .
The second characteristic building unit concerns the magnesium substructure. The Mg2 atoms at z = 0, 1/2, and 1 build up a Kagomé network with Mg2-Mg2 distances of 306 pm within the triangles. These distances are even slightly smaller than the average Mg-Mg distance of 320 pm in hcp magnesium [35] . Stacking of these Kagomé networks leads to trigonal prismatic voids with centers at z = 1/4 and 3/4 on the threefold axis. As emphasized at the lower right-hand part of Fig. 1 , every other prism is filled with a magnesium atom, a rather unusal coordination. This site has six Mg2 neighbors at 335 pm and six further Mg1 neighbors at the much longer distance of 361 pm. The rectangular faces of these filled trigonal prisms are capped by three samarium atoms from the chains of condensed octahedra at M-Sm of 363 pm. The trigonal prismatic site shows mixed occupancy. As observed for many of the RE 4 T Mg phases [36, and refs. therein] , and especially for Sm 3.92 Ru 1.16 Mg 0.92 [16] , we observe a small percentage of samarium on this position. The M-Mg2 distance of 335 pm is in agreement with both the sum of the covalent radii for Sm+Ru and the distances in hcp Mg.
The empty trigonal prisms are capped by Mg1 on the rectangular faces with a Mg1-Mg2 distance of 303 pm. These are the shortest Mg-Mg distances in the Sm 3.16 RuMg 6.84 structure. Such Mg-Mg distances typically occur in ternary magnesium-rich compounds, e. g. CeRu 2 Mg 5 [13] or TbCuMg 4 [37] .
